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Compounds of formula (I), wherein Y represents an acetyl, 1 -hydro xyethyl or I-fluoroethyl group, R] represents a 
hydrogen atom or an easily splittable amino-protecting group, and R 2 and R 3 are identical or different and each represents 
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represent a lower alkyiene group; and processes for production thereof. These compounds are useful as synthesis interme- 
diates for production of various medicines, particularly carbapenam or carbapenem antibiotics, such as a carbapenem an- 
tibiotic of formula (A) which has excellent antimicrobial activity and relatively good stability to kidney dehydropeptidase. 
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DISCRIPTION 

OPTICALLY ACTIVE AZETIDINONES AND PROCESS FOR 
PRODUCTION THEREOF 



Technical Field 
5 This invention relates to novel 3-substituted 

azetidinone compounds , and more specifically, to com- 
pounds represented by the following formula 




wherein Y represents an acetyl, 1-hydroxyethyl or 
10 1-f luoroethyl group, represents a hydrogen atom or 
an easily splittable amino-protecting group, and and 
R^ are identical or different and each represents a 
hydrogen atom, a lower alkyl group, a phenyl group, a 
benzyl group or a diphenylmethyl group, or R2 and R^ 
15 together represent a lower alkylene group. 

Background Art 

3-Substituted azetidinone derivatives, particu- 
larly 3-substituted azetidinone derivatives having an 
S-conf iguration at the 4-position, are useful as inter- 
20 mediates for the production of various antimicrobial 

beta-lactam compounds such as carbapenem and carbapenem 
antibiotics, and various types of azetidinone derivatives 
have been previously proposed. 

f 

Disclosure of the Invention 

, 25 The present inventors have now found that 

3-substituted azetidinone derivatives having an S-con- 
figuration at the 4-position represented by the above 
formula (I) can be stereoselectively obtained by using 



WO 88/04656 



PCT/JP87/00991 




- 2 - 

relatively inexpensive D-mannitol as a starting material, 
and reacting a ketal compound of D-glyceraldehyde derived 
from the starting material with diketene in the presence 
of a certain azole compound. This discovery has led to 
5 the accomplishment of the present invention. 

The compounds of formula (I) provided by this 
invention are useful as synthesis intermediates for 
various medicines, particularly carbapenem or carbapenem 
antibiotics, for example an antibiotic of the following 
10 formula which is known to have excellent antimicrobial 

activity and relatively good stability to kidney dehydro- 
peptidase. 

: N-CH 3 

I / CH 3 
X CH 3 



COOH (A) 



The term "lower", as Used in this specification 

15 to qualify a group or a compound, means that the group or 
compound so qualified has not more than 8 carbon atoms , 
preferably not more than 6 carbon atoms. 

The "easily splittable amino-protecting group" 
includes amino-protecting groups that can be eliminated 

20 from compounds, to which they are bonded, by hydrolysis ,' 
reduction, oxidation, or otherwise without substantially 
affecting the other functions of the compounds adversely. 
Examples are tridower alkyDsilyl groups such as tri- 
methylsilyl and tert-butyldimethylsilyl; a benzyl group 

25 which may be substituted by one or two lower alkoxy 
groups, such as benzyl, methoxybenzyl and dimethoxy- 
behzyl; and a phenyl group which may. be substituted by 
one or two lower alkoxy groups, such as methoxyphenyl and 
dime thoxyphenyl . 

20 The "lower alkyl group" may be linear or 

branched, and includes, for example, methyl, ethyl, 
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n-propyl, isopropyl, n-butyl, sec-butyl, isobutyl and 
tert-butyl. 

The "lower alkylene group" preferably has 4 to 
5 carbon atoms as in tetraraethylene and pentamethylene . 
5 The hydroxyl group and the fluorine atom in 

1-hydroxyethyl and 1-f luoroethyl groups represented by Y 
in formula (I) may take either an S- or an Reconfigu- 
ration.. In general, the fluorine atom desirably takes an 
R-conf iguration. 
lO Typical examples of the compounds of formula 

(I) provided by this invention include 

(3S,4S)-3-acetyl-4-r ( 4S) -2 , 2-dimethyl-l, 3- 
dioxolan-3-yl] -1- (4-methoxy) phenyl-2-azetidinone , 

(3S,4S)-4- [ (4S) -2, 2-dimethyl-l, 3-dioxolan-4- 
15 yl ] -3- [ (IS) -1-hydroxyethyl 1-1- (4-methoxy) phenyl-2-azetidi- 
none, 

(3S, 4S) -4- I (4S) -2 f 2-dimethyl-l ,3-dioxolan-4- 
yl ] -3- [ (1R) -1-hydroxyethyl] -l-( 4-methoxy) phenyl-2-azetidi- 
none, 

20 < 3R, 4S) -4- [ ( 4S) -2 , 2-dimethyl-l , 3 -dioxolan-4- 

yl ] -3- I ( 1R) -1-f luoroethyl] -1- ( 4-methoxy) phenyl-2-azetidi- 
none , 

(3S,4S)-3-acetyl-l-benzyl-4-[ (4S)-2 ,2-dimethyl- 
1 , 3 -dioxolan-4-yl ] -2-azetidinone 
25 (3S,4S)-l-benzyl-4-[ (4S) -2, 2-dimethyl-l, 3- 

dioxolan-4-yl] -3- I ( IS) -hydroxyethyl] -2-azetidinone , 

( 3S, 4 S)-l-benzyl-4-[(4S) -2, 2-dimethyl-l, 3- 
dioxolan-4-yl] -3- [ ( 1R) -1-hydroxyethyl] -2-azetidinone, 

(3R,4S)-l-benzyl-4-t (4S) -2, 2-dimethyl-l, 3- 
30 dioxolan-4-yl] -2- [ (1R) -1-f luoroethyl] -2-azetidinone , 

(3S,4S)-3-acetyl-l- (2 ,4-dimethoxy) phenyl-4- 
( (4S) -2 ,2 -dimethyl- l,3-dioxolan-4-yl] -2-azetidinone, 

(3S,4S)-l-(2,4-dimethoxy)phenyl-4-[ (4S)-1,3- 
dioxolan-4-yl] -3- [ (IS) -1-hydroxyethyl] -2-azetidinone , 
35 (3S,4S)-l-(2,4-dimethoxy)phenyl-3-t (1R)-1- 

hydroxyethyl] -4- [ (4S) -2-phenyl-l,3-dioxolan-4-yl]-2- 
azetidinone , 
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( 3 R, 4 S ) -1- ( 2 ., 4 -dimethoxy ) pheny 1-4 - { ( 2S ) -1 , 4 - 
dioxospi-ro[4,51deca-2-yl}-3-[ (1R) -1-f luoroethyl] -2- 
azetidinone, 

( 3S, AS) -3-acetyl-l- (4-methoxy) benzyl-4- [ ( 4S) - 
5 2 ,2-dimethyl-l, 3-dioxolan-4-yl] -2-azetidinone , 

(3S, 4S) -3- [ (IS) -1-hydroxyethyl] -1- (4-methoxy) - 
benzyl-4- [ (4S) -2-phenyl-l,3-dioxolan-4-yl]-2-azetidinone, 

(3S,4S)-4-r (4S)-l,3-dioxolan-4-yl]-3-[ (1R)-I- 
hydroxyethyll -1- (4-methoxy) benzyl-2-azetidinone, 
10 (3R,4S)-4-[ (4S)-2-ethyl-2-methyl-l,3-dioxolan-4- 

yl] -3- [ (1R) -1-fluoroethyll-l- (4-methoxy) be nzyi-2-azetidi- 
none , 

( 3 S , 4 S ) -3 -ace ty 1-4 - [ ( 4 S ) -2 , 2-d ime thy 1- 1 , 3 - 
dioxolan-4-yl]-l-trimethylsilyl-2-azetidinone, 
15 (3S,4SJ-l-t-butyldimethylsilyl-4-[ (4S)-2,2- 

dipheny l-l,3-oxolan-4-yll -3- [ (IS) -hydroxyethyll -2-azetidi- 
none, 

(3 S , 4 S ) -4- [ ( 4 S ) -2 , 2-dimethyl-l , 3 -dioxolan-4- 
yl]-3-[ (1R) -1-hydroxyethyl] -l-trimethylsilyl-2-azetidi- 
20 none, 

(3R r 4S)-l-t-butyldimethylsilyl-3-C(lR)-l- 
fluoroethyl]-4-[ (4S) -2-methy 1-1, 3-dioxolan-4-yl] -2- 
azetidinone, 

( 3 S, 4 S ) -3-acetyl-l- ( 2 ,4 -dimethoxy) benzyl-4- 
25 [ (4S) -2-phenyl-l,3-dioxolan-4-yl]-2-azetidinone, 

(3S,4S)-3-acetyl-4-[ (4S)-2 ,2-diphenyl-l, 3- 
dioxolan-4-yl] -1- ( 4-methoxy) pheny 1-2-azetidinone , and 

(3S f 4S)-3-acetyl-4-r(4S)-l f 3-dioxolan-4-yl]- 
(4-methpxy)phenyl-2-azetidinone. 
30. & compound of formula (I) in which Y represents 

an. acetyl group- can be produced, for example, by reacting 
a compound represented by the following formula 
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R 2 R 3 

5< 

0 H O (ID 



H-C 

n 

wherein , R 2 and R^ are as defined herein- 
above/ 

with diketene of the following formula 

CH 0 =C 0 

• » (IV) 
CH 2 -C=0 V1V; 

in the presence of an azole compound represented by the 
following formula 



N-H (III) 
A=/ 

R 5 

wherein A represents CH or N, and R 4 and R 5 are 
10 identical or different and each represents 

a hydrogen atom or a lower alkyl group. 

The reaction of the compound of formula (II) 
with the diketene of formula (IV) may be carried out at 
a temperature of generally from about -40 °C to about 
15 40 °C, preferably from about -20 C to about 25 °C in the 
presence or absence of a suitable solvent. Examples of 
the solvent are halogenated hydrocarbons such as 
methylene chloride, chloroform and dichloroethane, 
ester-type hydrocarbons such as ethyl acetate and butyl 
20 acetate, ether-type hydrocarbons such as diethyl ether, 
tetrahydrof uran and dioxane, and dimethylf ormamide . 

The proportion of the compound of formula (II) 
relative to the diketene of formula (IV) is not strictly 
limited, and may be varied widely depending, for example, 
upon the type of the compound of formula (II) and the 
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reaction temperature- Generally, it is convenient to use 
0.5.to 3 moles f preferably 0.8 to 1.5 moles, of the 
compound of formula (II) per mole of the diketene of 
formula . (IV) . 

5 Examples of the azole of formula (III) used in 

the above reaction include imidazole, 2-methylimidazole, 
4-methylimidazole, 2 ,4 -dimethyl imidazole, 1,2 ,4-triazole, 
3-methyl-l,2 ,4-triazole, 5 -methyl- 1,2 ,4-triazole, and 
3 ,5-dimethyl-l, 2 ,4-triazole. The suitable proportion of 

10 the azole used is generally 0.5 to 3 moles, preferably 1 
to 1.5 moles, per mole of the compound of formula (II). 
When a triazole is used, an organic base such as tri- 
ethylamine, tributylaraine, diethylisopropylamine or 
1,8-diazabicyclo [5 .4 .0 ] -7-undecene should be used as a 

15 reaction aid. 

The above reaction yields the compound of 
formula (I) in which Y is an acetyl group. This compound 
can be easily isolated and purified from the reaction 
mixture by methods known per se, such as extraction with 

20 organic solvent, crystallization or silica gel column 
chromatography. 

As an alternative, the compound of formula (I) 
in which Y is an acetyl group may be produced by reacting 
the compound of formula (II) with the azole compound of 

25 formula (III) , and reacting the resulting compound of the 
following formula 

R 2 h 



Q H )0 (V) 

n-ch" 



NH-R. 



wherein A, , , R 3 and R 4 are as defined 
hereinabove, 
30 with the diketene of formula (IV). 
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The reaction of the compound of formula (V) 
with the diketene of formula (IV) may be carried out 
usually in a solvent of the type mentioned above at a 
temperature of generally from about -30 °C to about 
5 40 °C, preferably from about -20 °C to about 25 °C. 

The proportion of the compound of formula (V) 
with respect to the diketene of formula (IV) is not 
strictly limited, and may be varied according to the type 
of the compound of formula (V) and the reaction tempera- 
10 ture r for example* Generally, the compound of formula 

(V) is used preferably in a proportion of 0.5 to 2 moles, 
especially 0.8 to 1 mole, per mole of the diketene of 
formula (IV) . 

The resulting compound of formula (I) in which 
15 Y is an acetyl group can be isolated and purified from 
the reaction mixture by the same means as above. 

The compound of formula (II) used as a starting 
material in the above reactions is known per se , and can 
be easily produced, for example, by oxidative cleavage of 
20 1.2,5 .6-di-O-ketalized D-raannitol represented by. the 
following formula 

H 
I 

R 2 v O-C-H 

R.Ad-C 

H O-C-H (VI) 
I 

H-C-OH 
I 

H-C-0 y R 0 

i x 

H-C-0 R^ 
H 

wherein R 2 and R 3 are as defined, 
(by using periodic acid or lead tetraacetate, for ex- 
25 ample) to form a ketal compound of D-glyceraldehyde 
represented by the following formula 
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O H N 0 (VII) 



R 2 *3 




CHO 

wherein and are as defined above, 
and reacting the resulting ketai compound with an amine 
represented by the following formula 

5 R 1 " NH 2 ..... (VIII) 

wherein is as defined above, 
to form a Schiff base. 

The compound of formula (V), on the other hand, 
is a novel compound not described in the prior litera- 
10 ture, and can be produced, for example, by reacting the 
compound of formula (II) with the azole compound of 
formula (III) in a solvent of the type mentioned above 
with regard to the reaction of the compound of formula 
(II) with the diketene of formula (IV). The suitable 
15 reaction temperature is generally from about -40 °C to 

about 40 °C, preferably from about -20 °C to about 25 °C. 
The proportion of the compound of formula (III) with 
regard to the compound of formula (II) is not strictly 
. limited. Generally, however, it is convenient to use the 
20 compound of formula (III) in a proportion of 0.5 to 2 
moles, preferably 1 to 1.5 moles, per mole of the com- 
pound of formula (II) . 

The resulting compound of formula (V) may be 
isolated from the reaction mixture and then reacted with 
25 the ketene of formula (III). If desired, the reaction 
mixture may be directly submitted to the reaction with 
the diketene of formula (II) without isolating the com- 
pound of formula (V) . 

When the compound of formula (I) in which Y is 
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an acetyl group is subjected to reduction, the acetyl 
group can be converted to a 1-hydroxyethyl group. Reduc- 
tion of the compound of formula (I) in which Y is an 
acetyl group may usually be carried out in a solvent f for 
5 example, ether-type hydrocarbons such as diethyl ether, 
tetrahydrofuran and dimethoxyethane, alcohol-type hydro- 
carbons such as ethanol and methanol, and aromatic hydro- 
carbons such as benzene and toluene using a reducing 
agent such as sodium borohydride, lithium borohydride, 

10 lithium aluminum hydride, magnesium trif luoroacetate/di- 
isopropylamine/borane, lithium tr i-sec-butylborohydr ide 
(L- select ride®, a registered trademark for lithium 
metal produced by Aldrich Chemical Corporation) , potas- 
sium tri-sec-butylborohydr ide (K-selectride) and diiso- 

15 butylaluminum hydride (DIBAL) . By the suitable selection 
of the reducing agent, the 1-hydroxyethyl group can take 
different configurations. For example, when lithium 
borohydride or L-selectride® is used, the lS-hydroxyethyl 
group is obtained, and when diisobutyl aluminum hydride 

20 (DIBAL) or magnesium trif luoroacetate/diisopropylamine/ 
borane is used, the lR-hydroxyethyl group is obtained. 

The above reduction may be carried out at a 
temperature of generally -78 °C to 40 °C, preferably 
-78 °C to 25 °C. The amount of the reducing agent is 

25 not critical. Generally, it is conveniently used in a 
proportion of 0.5 to 10 moles, preferably 1 to 4 moles, 
per mole of the compound of formula (I) in which Y is an 
acetyl group. 

The resulting compound of formula (I) in which 

30 Y is a 1-hydroxyethyl group may be fluorinated to give a 
compound of formula (I) in which Y represents a 1-fluoro- 
ethyl group. Fluorination of the compound of formula (I) 
in which Y is a 1-hydroxyethyl group may be carried out 
by methods known per se, for example, by the method 

35 described by Ching-Pong Mak et al. (Heterocycles, 13_, 
1399 (1982)), or by using Ishikawa reagent (a mixture 
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of hexaf luoropropene and diethylamine) . As a result, OH 
of the S-conf iguration in the 1-hydroxyethyl group is 
stereoselectively substituted by F of the Reconfigu- 
ration, and the corresponding compound of formula (I) in 
5 which Y is a IR-f luoroethyl group can be obtained. 

The compound of the following formula thus 

obtained: 




(1-1) 



wherein R^ , R2 and R 3 are as defined 
10 hereinabove, 

may be converted to the above-listed antibiotic of 
formula (A) in accordance with the following reaction 
scheme A: 



WO 88/04656 



PCT/JP87/00991 



- 11 - 
Reaction scheme A 



Compound of formula (1-1) 
wherein is an easily spli 

able amino protecting group 
CH H OH 




hydrolysis 



oxidation 



CH 



r 

.4. 



CHO 

□ 




V 



(2) 



11 



Jones oxidation 



or KM0 4 -t- 



BuOH-5% 
NaH 2 P0 4 



.4, 



CH 3 -CH- 



COOH 



-N 



\ 



(3) 



<11 



Pb(OCOCH 3 ) 4 
decarboxylation 



CH, 



r 

,4h 




OCOCH, 



N 



\ 



R 



(4) 



11 



elimination 
of the amino- 
protecting group 



CH 3 -CH 



OCOCH- 



\ 



(reference 1) 



(5) 
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CH 3 -CH 




(reference 2) 



F 

V 

CH 3 -CH 



-N- 



(7) 



c d 
>- >- 



(reference 2) 



"COO-R, 




N-CH- 



.CH. 



S-CH 2 -C-N 



COO-R, 



CH. 



(8) 
reduction 



(reference 2) 



->- compound of formula (A) 
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In the above reaction scheme, R^ represents 
an easily splittable amino-protect ing group. 

Hydrolysis of the compound of formula (1-1) in 
which is an easily splittable amino-protect ing group 
5 may be carried out in a manner known per se by treating 
the above compound with, for example, a mixture of acetic 
acid and water at a temperature of about 25 °C to about 
60 °c. 

Usually, oxidation of the compound of formula 
10 (I) can be performed by using an oxidizing agent such as 
periodic acid, sodium meta-periodate or lead tetraacetate 
in a solvent such as benzene, toluene, tetrahydrof uran, 
tetrahyrofur an/ water , dimethoxye thane/water , aqueous 
methanol, or aqueous ethanol. The above oxidation may be 
15 carried out at a temperature of generally from about 
-10 °C to about 50 °C, preferably from about 0 °C to 
about 25 °C. 

The amount of the oxidizing agent to be used is 
not strictly restricted, and can be varied according to 

20 the type of the oxidizing agent. It is convenient to use 
the oxidizing agent in a proportion of generally 0.5 to 5 
moles, preferably 1 to 1.5 moles, per mole of the com- 
pound of formula (1). 

This hydrolysis gives the compound of formula 

25 (2) which can then be converted to the compound of 
formula (3) by subjecting to Jones oxidation or to 
oxidation with a reagent composed of KMn0 4 /t-BuOH/5% 
NaH 2 P0 4 . The Jones oxidation or the oxidation with 
the above reagent may be carried out by the methods 

30 described by D. J. Hart et al. (Tetrahedron Letters, 26 , 
5493 (1985)) and Atsushi Abiko et al. (Tetrahedron 
Letters, 27_, 4537 (1980)), for example. 

The compound of formula (3) so obtained can 
then be converted into the compound of formula (4) by 

35 oxidative decarboxylation using lead tetraacetate. This 
oxidative decarboxylation may be carried out by methods 
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known per se, for example, the method described by P. J. 
Reider et al. (Tetrahedron Letters, 22, 2293 (1982)). 
The compound (4) may be converted to the compound of 
formula (5) by eliminating the amino-protecting group at 
5 the Imposition using suitable deprotection methods depend- 
ing upon the type. of the amino-protecting group [for 
example, acid hydrolysis in the case of R^ being a 
tri ( lower alkyDsilyl group; hydrogeno lysis in the case 
of R.^ being an unsubstituted or substituted benzyl 

10 group, and oxidative elimination in the case of R^ 

being a p-me t ho xy phenyl or o,p-dimethoxyhenyl group] . If 
the amino-protecting group is a trimethylsilyl group, the 
compound (4) may be directly submitted to the subsequent 
reaction without deprotection. 

15 The route from the compound (5) to the compound 

of formula (A) -may be carried out in accordance with the 
methods described in the following references using the 
following reagents: 
Reagents 

20 a) H 2 C=CtOSi(CH 3 ) 3 ]-C(N 2 )-COO-R 4 , Znl 2 

b) Rh 2 (OCOCH 3 ) 4 

c) ( <QhO-) 2 p °C1 2 ( iso ~ c 3 H 7 ) 2 NC 2 H 5 

N-CH 3 

I V CH 3 

d) HS-CH 2 -ON , (iso-C 3 H 7 ) 2 NC 2 H 5 

N:h 3 

References 

25 1) W. Flitsch et al. , Tetrahedron Letters, 23_ f 

2297 (1982) 

2) D. G. Melillo et al., Tetrahedron Letters, 
21, 2783 (1980) 

The antibiotic of formula (A) so produced is 
30 very useful as an antimicrobial agent, since it has a 

broad spectrum of excellent antimicrobial activity and is 
stable to kidney dehydropeptida.se. 
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Best Mode of Carrying Out the Invention 

REFERENTIAL EXAMPLE 
Production of N- ( 4-methoxy) phenyl- { [ (4S)-2,2- 
dimethyl-1 , 3-dioxolan-4-yl J methane } imine : - 



x 



0 — i 5%NaHC0~ O 0 

-CH^OH J 1 | anisidine 



'3 



f 



sodium CHO 
HO — I meta periodate 

— OH 



x 




In 24 ml of methanol was dissolved 5 g (18 
millimoles) of 1.2 ,5 -6-di-O-isopropylidene-D-mannitol . 
Under ice cooling f a mixture of 7.75 ml of 5 % sodium 
hydrogen carbonate, 5.865 g of meta periodic acid and 
32.8 ml of water was added to the solution. At the above 
temperature, the mixture was stirred for 1 hour. The 
insoluble materials in the reaction solution were removed 
by filtration. The filtrate was extracted three times 
with methylene chloride. The extracts were combined, 
washed with a saturated aqueous solution of sodium 
chloride, and dried over anhydrous sodium sulfate. After 
drying, the sodium sulfate was removed by filtration, and 
the filtrate was concentrated to give 1,2-0-isopropyli- 
dene-D-glyceraldehyde by evaporating the methylene 
chloride alone under reduced pressure at a temperature 
below 20°C. Four fifths of the product of anisidine was 
dissolved in benzene, and in an atmosphere of nitrogen, 
added to a benzene solution of 1,2-O-isopropylidene-D- 
glyceraldehyde. An appropriate amount of anhydrous 
sodium sulfate was further added, and the mixture was 
stirred overnight. After the reaction, the sodium 
sulfate was removed by filtration, and the filtrate was 
concentrated to give 7.2 g (yield 80 %) of the captioned 
compound. 
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H-NMR (CDC1 3 ; ppm) : 



CH. 



1.45(S, 3H, 



1.48Cs, 3H f 



— 0 CH. 

X" 

— 0 CH. 



) , 



3 .75(s f 3H, OCH_ 3 ) , 



3 .85 - 4.33(m, 2H, 



4.70(m, 1H, 



H- 0 



6.8(2H, d, J=8.5Hz H^p^-0-CH 3 ), 

7.10(2H, d, J=8.5Hz -^O^0-CH 3 ), 

H 



7.78QH, d, J=5Hz -C=N-) . 

H 



10 ■IR v 2J 1 3("cm 1 )=1645(-C=N) , 1600. 
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EXAMPLE 1 

Production of l-{ [ (4S)-2, 2-dimethyl-l , 3- 
dioxolan-4-yll - (4-methoxy) phenyl imino)me thy 1 imidazole : 



CH 

n 

N 



0^0 

J 



N 



+ HN 



H 
NH 



i 

N. 



OCH- 



OCH- 



10 



15 



20 



Thirty milligrams (0.13 millimole) of N-(4- 
methoxy) phenyl- { [ (4S)-2, 2-dimethyl-l, 3-dioxolan-4-yl]- 
methane limine was dissolved in 1 ml of anhydrous 
methylene chloride, and 8.7 mg (0.13 millimole, 1 eq.) of 
imidazole was added to the solution at room temperature. 
At this temperature, the reaction was carried out in an 
atmosphere of nitrogen for 5 minutes. The reaction 
solution was concentrated to dryness under reduced pres- 
sure to give l-{ [ (4S)-2, 2-dimethyl-l, 3-dioxolan-4-yll - 
(4-methoxy) phenyliminolmethylimidazole quantitatively. 
1 H-NMR (CDC1 3 ; £ ppm) 

1.45, 1.47, 1.53, 1.60(6H, m, 
CH„ 



CH- 



3 .77, 3.86TTH, s, OCIIg) , 

3.8 - 4.8(3H, m, H-4 1 , H-5'a and H-S'b), 
5.15, 5.32(1H, br, Im-CEHNHR) , 

6 .40 - 6.95(4H, m, Ar-H) , 
7.03(2H, m, H-4 and H-5) , 

7 .60, 7.68 (111, s, H-2) . 

^CHCl 3(cm -l )=3100 _ 3500(NH). 
max 
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EXAMPLE 2 

Production of 1- { [ US) -2 ,2-dimethyl-l ,3- 
dioxolan-4-yll- (4-methoxy) phenyliminolmethy 1-1,2 ,4- 
triazole:- 



0^0 N-^N 0^0 



CH N=» CH 
N + HN I ^ ■ NH 



o 

i 

OCH-. OCH 



3 



Thirty milligrams (0-13 raillimole) of N-(4- 
methoxy) phenyl- {HAS) -2 , 2-dimethyl-l , 3 -dioxolan-4-yl ] - 
methane limine was dissolved in 1 ml of anhydrous 
methylene chloride , and 8.97 mg (0.13 millimole) of 
10 1,2 ,4-triazole was added to the solution at room tempera- 
ture. At this temperature, the reaction was carried out 
for 10 minutes in an atmosphere of nitrogen. The re- 
action solution was concentrated to dryness in vacuo to 
give l-{ [ ( 4 S ) -2 , 2 -dimethyl- 1 , 3 -dioxolan-4-yl] - ( 4- 
15 methoxy) phenylimino}methyl-l, 2,4-triazole quantitatively. 
1 H-NMR (CDC1 3 ; £ ppm) 

1.68 - 1.87<ffH, m, 




3.97, 4.04(3H, s, 0CH 3 ) , 

4.22 - 4.90(3H, m, H-4 1 , H-5'a and H-5'b), 

20 5.70 - 5.93 (1H, br, ^N-CH-NHR) , 

N ■ . 

6.66 - 7.05(4H, m, Ar-H) , 
8.10-(1H, s, H-3) , 
8.25, 8.30UH* s, H-5) . 

V ^J 1 3 (cm" 1 ) =3400 (NH) . 
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EXAMPLE 3 

Production of ( 3S,4S) -3-acetyl-4- [ (4S) -2 ,2- 
dimethyl-l,3-dioxolan-4-yl]-l-(4-methoxy)phenyl-2- 
azetidinone:- 




In 40 ml of anhydrous methylene chloride was 
dissolved 6.45 g (21.3 millimoles) of l-{ I (4S) -2 ,2- 
dimethyl-1, 3-dioxolan-4-ylJ-(4-methoxy)phenylimino}- 
methylimidazole, and 2.45 ml (31.95 millimoles) of 

10 diketene was added to the solution at -20 °C in an 

atmosphere of nitrogen. The mixture was stirred, for 30 
minutes at this temperature, and then for 150 minutes at 
room temperature. The reaction solution was poured into 
a mixture of methylene chloride and 0.5N hydrochloric 

15 acid containing ice and partitioned. The organic phase 
was separated and was washed with 0.5N hydrochloric acid 
(twice with 65 ml each of 0.5N hydrochloric acid). It 
was further washed with a saturated aqueous solution of 
sodium chloride, and dried over anhydrous sodium sulfate. 

20 The sodium sulfate was removed by filtration, and the 
filtrate was subjected to purification by silica gel 
column chromatography (toluene/ethyl acetate=50/0 — * 
50/1 — * 30/1 — ► 20/1 — 15/1) to give 4.60 g of the 
captioned ocmpound in a yield of 67.6 %. 
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1 H-NMR (CDC1 3 ; S PPm) : 



1.22(3H, s, 



CH 3 



) , 



10 



1.39 (3H, S, 




CH 3 



0 



2.30(3H, s, C-CH 3 ), 3.65(1H, dd, J=6.0 
and 9.0Hz, H-5'a), 3.70(3H, s, OCH_ 3 ) , 
4.05C1H, dd, J=6.5Hz and 9.0Hz, H-5'b), 
4.12(1H, d, J=2.5Hz, H-3), 

4.4 - 4.6(2H, m, H-4 1 and H-4) , 6.75C2H, d, 

J=9.0Hz, H-3" and H-5"), 

7.22C2H, d, J=9.0Hz, H-2" and H-6"). 

^ EfS 1 3'(CHCl,)-1750(/3-lactam) . 



max " — L 3 
,22.5 



=-87.3° (c=l r CHC1 3 ) . 
EXAMPLE 4 



Production of (3S, 4S) -3-acetyl-4- [ (4S) -2 , 2- 
15 dimethyl-l,3-"dioxolan-4-ylI-l-(4-methoxy)phenyl-2- 
azetidinone:- 



FNv 



N=/ CH 



NH 

I 




o 

OCH. 



+ CH„=C 



CH 2 -C=0 



M{C 2 H 5 ) 3, 
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In anhydrous methylene chloride was dissolved 
30 mg (0.1 millimole) of 1- { [ (4S) -2 ,2-dimethyl-l, 3- 
dioxolan-4-ylJ- ( 4-methoxy) phenylimino) methyl- 1,2 ,4- 
triazole obtained in Example 2, and 13. 9^ (0.1 
millimole; 1 eq.) of tr iethylamine was added at -20 °C 
in an atmosphere of nitrogen. Diketene (11.5 jj}L, 0.15 
millimoles, 1.5 eq.) was added to the solution, and the 
mixture was stirred at room temperature for 3 hours. The 
reaction solution was then poured into a mixture of 
methylene chloride, 0.5N hydrochloric acid and ice, and 
partitioned. The organic layer was separated, washed 
with 0.5N hydrochloric acid and successively with a 
saturated aqueous solution of sodium chloride, and then 
dried over anhydrous sodium sulfate. The filtrate was 
submitted to silica gel column chromatography (as de- 
scribed above) to give 3.1 mg of the captioned compound 
in a yield of 10 % . Its physical and chemical properties 
agreed with those of the compound obtained in Example 3. 

EXAMPLE 5 

Production of (3S,4S) -3 - [ (IS) -1-hydr ox-yet hyl]- 
4- [ (4S) -2 ,2-dimethyl-l , 3-dioxolan-4-yll -1- ( 4-methoxy) - 
phenyl-2-azetidinone:- 




Three hundred milligams (0.94 millimole) of 
(3S,4S)-3-acetyl-4- [ (4S)-2 ,2-dimethyl-l ,3 -dioxolan-4- 
yl]-l- (4-methoxy) phenyl-2-azetidinone was dissolved in 
5.5 ml of anhydrous tetrahydrof uran, and 1.13 ml (1.13 
millimoles, 1.2 eq.) of lithium tr i-sec-butylborohydr ide 
(L-selectride®) v/as added dropwise to the solution 
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at -70 °C in an atmosphere of nitrogen. At this 
temperature, the mixture was stirred for 1 hour, and then 
0.135 ml (2-37 millimoles, 2.1 eq.) of acetic acid was 
added. The mixture was stirred for 5 minutes, and ex- 
5 tracted twice with 30 ml each of ethyl acetate. The 
extracts were combined and washed twice with 10 ml each 
of a saturated aqueous solution of sodium chloride, once 
with 15 ml of a saturated aqueous solution of sodium 
hydrogen carbonate and again with 10 ml of a saturated 

10 aqueous solution of sodium chloride, and dried over 

anhydrous sodium sulfate. The sodium sulfate was removed 
by filtration and the. filtrate was subjected to purifi- 
cation by. silica gel column chromatography (toluene/ethyl 
acetate=5/0 5/1.—* 3/1 -> 2/1) to give 264.0 mg (yield 

15 87.5%) of the captioned compound. The isomer in which a 
(lR)-l-hydroxyethyl group was present at the 3-position 
was not obtained. 

1 H-NMR(CDC1 3 ; £ ppm) : ' 

0 CHg 

1.29 - 1.38(9H, m, f y<(^ , CH-CB^) , 

0 CH 3 

20 2.49C1H, d, J=3.6Hz, OH), 3.19C1H, dd, 

J=2.1 and 5.1Hz, H-3), 3.72C3H, s, OCH.3), 

OH 

3.62 - 4.20 (4H, m, H-4, -CH-CH 3 , H-5 1 a 
andH-5'b), 4.45(1H, dt, J=3.5Hz and 7.5Hz, 
H-4 1 ), 6.79 (2H, d, J=9.5Hz, H-3" and H-5 n ) f 
25 7.28(2H, d, J=9.5Hz, H-2" and H-6"). 

V ^ 1 3cm~ 1 =17 39 (^-lactam) . 

W J 3 =-60.7°(c=l, CHCI3). 

EXAMPLE 6 



Production of (3S,4S) -3- [ (1R) and (1S)-1- 
20 hydroxy] ethy 1-4- [•{ 4S) -2, 2-dimethyl-l, 3-dioxolan-4-yl] - 
1- ( 4-raethoxy ) pheny 1-2-aze tidinone : - 



/ 
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In 1.6 ml of anhydrous tetrahydrof uran was 
dissolved 50.3 mg (0.16 mraole) of (3S,4S)-3-acetyl-4- 
[ (4S)-2,2-diraethyl-l # 3-dioxolan-4-yl]-l-(4-niethoxy)- 
phenyl-2-azetidinone, and 240,^ (0.24 millimole, 1.5 
5 eq.) of diisobutyl aluminum hydrate (DIBAL) was added 
dropwise to the solution at -70 °C in an atmosphere of 
nitrogen. The mixture was stirred for more than 30 
minutes. After reaction, 29.3/^X (0.51 millimole) of 
acetic acid was added at the above temperature to stop 

10 the reaction. The reaction mixture was extracted with 20 
ml of ethyl acetate. The extract was washed once each 
with a saturated aqueous solution of sodium chloride, a 
saturated aqueous solution of sodium hydrogen carbonate, 
and a saturated aqueous solution of sodium chloride, and 

15 then dried over anhydrous sodium sulfate. The sodium 
sulfate was removed by filtration, and the filtrate was 
subjected to silica gel column chromatography (toluene/ 
ethyl acetate=5/0 — » 5/1 — * 3/1 — * 2/1; charged with 
CH 2 C1 2 ) to give 32 mg of a mixture of (3S,4S) -3- [ (1R) - 
and (lS)-l-hydroxy]ethyl-4-[ (4S)-2,2-dimethyl-l,3- 
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15 
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dioxolan-4-yl] -1- ( 4-methoxy ) phenyl-2-azetidinone in a 

yield of. 64 %. The ratio of the (1R) -isomer to the 

(lS)-isomer in the mixture was about 3:1. 
1 T 



L H-NMR(CDC1 3 ; S PPm) : 



1.28 - 1.50C9H, m f 



,0 




i 

H 



CH 3 



, CH-CH 3 ), 



2.12 - 2.40(1H, m, OH) , 3 .10 (2/3H, dd, 
J=2.5 and 6.0Hz, H-3 of the lR-isomer), 
3.18(1/3H, dd, J=2.5 and 6.0Hz, H-3 
of the lS-isomer form), 3.70(3H, s, 
0CH 3 ), 3.71 - 4.60(5H, m, H-4 , 
OH 

r 

CH-CH 3f H-4', H-5'a and H-5'b), 6.79 (2H, d, 
J=9Rz, H-3 n and H-5"), 7.28(2H, d, J=9Hz, H-2" 
and H-6") . 

EXAMPLE 7-1 

Production of (3R,4S) -3- [ (1R) -1-f luoroethyl] - 
4-[ (4S)-2,2-dimethyl-l, 3-dioxolan-4-yl]-l-(4-methoxy) - 
phenyl-2-azetidinone:- 




Ishikawa reagent 



OCH- 



F H H = P 



■> J N 

0 




OCH. 



In 1.5 ml of anhydrous methylene chloride was 
20 dissolved 87.9 mg (0.27 mmole) of (3S,4S)-3- [ (IS) - 
l-hydroxyethyl)-4- I (4S)-2,2-diraethyl-l,3-dioxolan- 
4-yl]-(4-methoxy)phenyl-2-azetidinone, and 60.8 jdb 
(0.18 millimole) of a mixed reagent of hexaf luoropropene/ 
diethylamine (Ishikawa reagent) was added dropwise to the 
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solution at 0 °C in an atmosphere of nitrogen. The 
reaction mixture was warmed to 15 °C, and stirred for 
40 minutes. After reaction, 20 ml of phosphate buffer 
(pH 7.4; 0 °C) was added to the solution, and the 
5 mixture was stirred for 5 minutes. The reaction mixture 
was then extracted twice with 20 and 10 ml of methylene 
chloride. The organic layers were combined f washed with 
a saturated aqueous solution of sodium chloride , and 
dried over anhydrous sodium sulfate. The sodium sulfate 
10 was removed by filtration, and the filtrate was submitted 
to silica gel column chromatography ( toluene/EtOAc=20/0 
20/1 — ► 15/1 10/1 5/1 3/1) to give 56.1 mg of 
the captioned compound in a yield of 64.3 %. 
1 H-NMR(CDC1 3 ; £ ppm) : 

CO CI^ 
X } ' 

0 

1.33(3H, s f f ), 1.45C3H, dd, J=6 

0 % 

and 24Hz, CHF-CH 3 ), 3.19 (1H, ddd, J=2.4, 

7.5 and 16o5Hz, H-3), 3.62(3H, s f OCH 3 ), 

3.6 - 4.0(3H, m, H-4, H-5a' and H-5b') 4.31 
20 (1H, dt, J=2.4 and 6.0Hz, H-4 ' ) 4 .74 ( 1H, 

ddq f J=46«5, 7.5 and 6.0Hz, CHF-CH 3 ), 
6.58C2H, d, J=9Hz, H-3" and H-5"), 7.03(2H, 
d, J=9Hz, H-2" and H-6") . 

>J ^ 1 3cnT 1 =1742 (^-lactam) 

25 lCX] 22o5 =-76.4°<c=l, CHC1 3 ) 

EXAMPLE 7-2 



Production of (3R,4S) -3- [ ( 1R) -1-f luoroethyl] - 
4- [ (4S)-2,2-dimethyl-l,3-dioxolan-4-yl]-l-(4-methoxy) - 
phenyl-2-azetidinone (an alternative method):- 
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In 3 ml of anhydrous methylene chloride was 
dissolved 151.8 mg (0.47 millimole) of (3S,4S)-3-[ (1S>- 
l-hydroxyethyl]-4- [ (4S) -2, 2-dimethyl-l, 3-dioxolan-4-yl] - 
5 1- (4-methoxy) phenyl-2-azetidinone, and 93.1^& (0.71 
millimole, 1.5 eq . ) of diethyl aminosulfate trifluoride 
(DAST) of diethylaminosulfur trifluoride (DAST) was added 
dropwise to the solution at -50 °C in an atmosphere of 
nitrogen. The mixture was stirred for 1 hour, and then 

10 poured into a mixture of a saturated aqueous solution of 
sodium hydrogen carbonate, methylene chloride and ice for 
inactivation of the excess of DAST. The organic layer 
was separated and washed with a saturated aqueous solu- 
tion of sodium chloride. After drying over anhydrous 

15 sodium sulfate, the filtrate was subjected to silica gel 
column chromatography (toluene/EtOAc=20/0 — > 20/1 — ■> 15/1 
--►10/1 -^ 5/1 — * 3/1) to give 71.2 mg (yield 46.9%) of 
the captioned compound. The physical. and chemical 
properties of this compound agreed with those of the 

20 compound obtained in Example 7-1. 
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EXAMPLE 8 

Production of (3R,4S)-4-[ (1S)-1 , 2 -di hydroxy 
ethyl] -3- [ (lR)-l-fluoroethyl]-l-(4-methoxy)phenyl-2- 
azetidinone:- 



10 



15 



20 




CH 3 COOH-H 2 0 




OCH- 



In 10.4 ml of a mixture of acetic acid and 
water (4:1) was dissolved 127.3 mg (0.39 millimole) of 
(3R,4S)-3-l(lR)-l-fluoroethyl]-4-[ (4S)-2,2-diraethyl-l,3- 
dioxolan-4-yl] — 1 — (4-methoxy)phenyl-2-azetidinone, and 
incubated at 40°C for 14 hours. After reaction, the 
reaction solution was concentrated, and subjected to 
purification by silica gel column chromatography 
(toluene/EtOAc=2/0 — > 2/1 —> 1/1 — * 1/2 — > 1/3; charged 
with methylene chloride) to give 104.3 mg (yield 94.5 %) 
of the captioned compound. 

1 H-NMR(CDC1 3 ; $ ppm) : 

1.42(3H, dd, J=7.2 and 24.6Hz, CHF-CH 3 ), 
2.85(1H, t, J=6.0Hz, 2'-0H), 3.30UH, m, 
H-3), 3.55(2H f m, H-5'a and H-5'b), 3.70(3H, s, 
OCH 3 ) f 4.04-4.15(2H, m, H-4 and H-4'), 4.87(1H, 
ddq, J=7.2 and 48.0Hz, J=5.4Hz, CHF-CH 3 ), 
6.73(2H, d, J=9.3Hz, H-3" and H-5 M ), 7.20(2K, 
d, J=9.3Hz, H-2" and H-6"). 

" 1 )=1739(/}-lactam) . 



25 



- CHC1. . 
\j 3 (cm 
max 

(^]^ 2 =-63.4°(c=1.19, CHC1 3 ). 
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EXAMPLE 9 

Production of (3R,4S) -3- [ (1R) -1-f luoroethyl] -4- 
f or my 1-1- ( 4-methoxy ) phenyl-2-azetidinone : - 

OH 

F OH F 

x^J-* . .. . J 



periodic acid ^ 



M 




OCH 3 

5 In 0.8 ml of tetrahydrof uran (THF) was dis- 

solved 47.5 mg (0.17 millimole) of (3R, 4S)-4-£ (1S)-1,2- 
dihydroxyethyll -3- [ ( 1R) -1-f luoroethyl] -1- (4-methoxy) - 
phenyl-2-azetidinone, arid a solution of 4 8.4 mg (0.21 
mmole, 1.25 eq.) of periodic acid in 1 ml of THF was 
10 added to the solution in an atmosphere of nitrogen. 

After reaction, the reaction solution was extracted with 
30 ml of ethyl acetate. The extract was washed once each 
with a saturated aqueous solution of sodium hydrogen 
carbonate, a saturated aqueous solution of sodium sulfite 
15 and a saturated aqueous solution of sodium chloride, and 
then purified by silica gel column chromatography 
(toluene/EtOAc=3/0 — * 3/1 2/1 — » 1/1 — * 1/2 — * 1/3; 
charged "with methylene chloride) to give 26.0 mg (yield 
61.0 %) of the captioned compound. 
20 a H-NMR(CDCl 3 ; £ PP™) : 

1.49(3H, dd, J=6.0 and 24Hz, CHF-CR 3 ), 
3.35C1H, ddd, J=2.7, 5.7 and 21Hz, H-3), 
3.72(3H, s, OCH 3 ), 4.40(1H, dd, J=2 .7 and 
3.0fiz, H-4), 5.0 (1H, ddq, J=46.2, 5.7 and 
25 6.0Hz, CHF-CH 3 ) , 6.75(2H, d, J=9Hz, H-3 1 

and H-5 ■") , 7 .12(2H, d, J=9Hz, H-2 1 and. 
H-6 r ), 9,65(1H, d, J=3Hz, CHO). 
CHC1 —1 

v» majc 3 (cm A ) =1750 (^-lactam) , 1730 ( forrayl) . 
[CX]22 = _ 118#9 o (c=lr CHC1 3 ). 
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EXAMPLE 10 

Production of (3R, 4S) -4-carboxy-3- [ ( 1R) -1- 
f luoroethyll -1- ( 4-methoxy) phenyl-2-azetidinone :- 



J CHO Jj_L C °°» 




5 



In 1 ml of butanol was dissolved 40.6 mg 



(0.16 mmole) of ( 3R,4S) -3- [ (1R) -1-f luoroethyl] -4-f ormyl- 
l-(4-methoxy)phenyl-2-azetidinone, and 0.64 ml of phos- 
phate buffer (pH 6.7) and 0.96 ml of 1M potassium per- 
manganate were added to the solution. The mixture was 

10 stirred for 45 minutes. After reaction, 4 ml of a 

saturated aqueous solution of sodium sulfite was added 
and stirred under ice cooling. The mixture was then 
adjusted to a pH of 2 to 3 with IN hydrochloric acid, and 
extracted twice with 25 ml each of ethyl acetate. The 

15 organic layers were combined and washed with a saturated 
aqueous solution of sodium chloride. The aqueous sodium 
chloride layer was re-extracted with ethyl acetate. The 
organic extracts were combined and dried over anhydrous 
sodium sulfate. The sodium sulfate was removed by filt- 

20 ration, and the filtrate was concentrated to dryness to 
give 45.6 mg of the captioned compound quantitatively. 



25 



H-NMR (CDC1 3 ; £ ppm) : 

1.32(3H / dd, J=6.3 and 24Hz, CHF-CH3), 
3.32C1H, ddd, J=3 , 4.8, and 25.2Hz, H-3), 
3.58C3H, s, OCH 3 ), 4.38QH, d, J=3Hz, 
H-4), 4.95(1H, ddq, J=4.8, 48 and 6.3Hz, 
CHF-CH 3 ) f 6.73C2H, d, J=9Hz, H-3 1 and 
H-5 1 ), 7.08(2H, d, J=9Hz, H-2 1 and H-6 1 ) , 
8.72UH, s, COOH) . 
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CHC1 
max 



3 (cm" 1 ) =1745 (^-lactam) 
[0Uj* 2 =-84.-6°(c=1.0, CH3OH). 

EXAMPLE 11 



Production of (3R,4R)- and ( 3R,4S) -4-acetoxy-3- 
5 [ (R) -1-f luoroethyl]-l-(p-methoxy) phenyl-2-azetidinone:- 



F 



COOH 



-N 




.OMe 




OMe 




OMe 



A mixture composed of 65 rag (0.24 millimole) of 
( 3R, 4S ) -4-carboxy-3- [ (R) -1-f luoroethyl] -1- (p-me thoxy) - 
phenyl-2-azetidinone r 216 mg (0*49 millimole) of lead 

10 tetraacetate, 0.2 ml of acetic acid and 0.6 ml of di- 
methylformamide was reacted at. 6:5 °e for 15 minutes. 
The reaction solution was poured into ethyl acetate, 
washed with a saturated aqueous solution of sodium 
chloride, and dried over anhydrous sodium sulfate. The 

15 solvent was evaporated off, and the residue was dissolved 
in benzene, and charged on a column of silica gel (7 g). 
The column was eluted with . benzene/ethyl acetate 
(50/0, 50/1, 40/1, 20/1). Eluate fractions which con- 
tained ultraviolet-absorbeing materials at Rf 0.75 and 

20 .0.57 by silica gel TLC [developed with benzene/ethyl 
acetate (3/1)] were collected and concentrated under 
reduced pressure to give 7 rag of a cis-isomer of the 
desired compound and 43 mg of its trans-isomer (total 
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yield 73 %). These compounds were crystallized from 
benzene/n-hexane . 

Physical and chemical properties of the cis 

compound 

5 Melting point: 156 - 160 °C 

[0(] 22 + 42.7°(c=0.62, CHCI3) 

X CH 2 C1 2 nm(£): 255(21000). 
A max 

^CHCl cn -l 1760(/J-Iactam r ester CO), 
max r 

1 H-NHR(CDC1 3 ; $ PP m) : 
IQ 1.60OH, dd, J=24.0 and 6.0Hz, CH 3 «CHF) , 

2.17(3H, s f OAc), 3.68(1H, m, H-TT, 
3.70(3H, s, OMe), 5.17(lH f m, CH 3 -CHF) , 
6.83UH, d, J=6.0Hz, H-4) , 

J 

6.90(2H, d, J=9.0Hz, -U x )-OMe ) , 



15 



20 




7.37 (2H, d, J=9.0Hz, -( / \)-OMe ). 

Physical and chemical properties • of the trans 
compound 

Melting point: 121 - 123.5 °C 
[<X] 22 - 51.4°(c=1.013, CHCI3). 

A CH 2 C1 2 nm( £): 254(18400). 
max 

v^ CHC1 3 cm" 1 : 1760 (/3-lactam, ester CO) 
max ' 

1 H-MHR(CDC1 3 ; £ ppm) : 

1.55(3H, d, J=24.0 and 6.5Hz, CK 3 ~CHF) , 
2.10(3H, s, OAc) , 3.40QH, ddd,"T=1.5, 
5.0 and 24.5Hz, H-3 ) , 3.79C3H, s, OMe), 
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5.07 (1H, ddq, H=48.0, 5.0 and 6.5Hz, CH -CHF-) , 
6.62(1H, d, J=1.5Hz, H-4) r 



6.90(2H, d, J=9.0Hz, 



7.36(2H, d, J=9.0Hz, V-OMe ). 




OMe ) , 



EXAMPLE 12 

Production of (3R,4R) -4-acetoxy-3- [ (R) -1-f luoro- 
ethyl]-2-azetidinoner- 




OAc 



NH 



OMe 



In 1.5 ml of acetonitrile was dissolved 30 mg 
10 (0.11 millimole) of (3R,4R) -4-acetoxy-3- [ (R) -1-f luoro- 
ethyl] -l-(p-methoxy)phenyl-2-azetidinone, and the solu- 
tion was cooled with ice. Then, 1.5 ml of an aqueous 
solution containing 175.5 mg (-0.32 millimole) of eerie 
ammonium nitrate was gradually dropped to the solution. 
15 The reaction was carried out at 0 °C tempera- 

ture for 25 minutes, and the reaction mixture was poured 
into 50 ml of ethyl acetate and washed with a 5 % aqueous 
solution of sodium hydrogen carbonate. The aqueous wash 
was back extracted v/ith ethyl cetate, and the ethyl 
20 acetate extract was combined with the organic layer. 
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The organic solution was washed once each with a 10% 
aqueous solution of sodium thibsulfate, a 5 % aqueous 
solution of sodium hydrogen carbonate and a saturated 
aqueous solution of sodium chloride. 
5 The organic layer was separated and dried over 

anhydrous sodium sulfate, and the filtrate was concen- 
trated under reduced pressure to give 15 mg (yield 81 %) 
of the captioned compound. 

This compound was crystallized from benzene/n- 

10 hexane. 

Melting point: 98.5 - 102 °C 

[QC]p 2 + 116.8°(c=1.0, CHCI3) 

v/f CHCl 3 cm -l. i780 (/3-lactam CO) , 
max * y 

1745(ester CO) 

15 1 H-NMR(CDC1 3 ; £ ppra) : 

1.50(3H, dd, J=6.5 and 24.0Hz, CH 3 -CHF) , 
2.13(3H, s, COCH3) , 

3.40QH, ddd, J=1.5, 5.5 and 24.0Hz, H-3), 
5.00(1H, dquint, J=48.0 and 6.5Hz, CH 3 -CHF-) , 
20 5.90C1H, d, J=1.5Hz, H-4) , 

6.85(1H, br, NH) . 

EXAMPLE 13 

Production of p-nitrobenzyl 4- [ (3R,4R) -3- [ (R) - 
1-f luo roe thyl) -2-oxoazetidin-4-yl ] -2-diazo-3-oxobuty rate: 



25 



I OAc Of S 

/ + \ C COOpNB 



0 



J NH ^ W 2 




COOpNB 
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Twenty milligrams (0.11 millimole) of (3R,4R)- 
4-acetoxy-3- [ (R) -1-f luoroethyll -2-azetidinone was dis- 
solved in 1 ml of methylene chloride, and the solution 
was cooled with ice. Then, 36 mg (0.11 millimole) of 
5 zinc iodide was .added to the solution. A methylene 

chloride solution (1 ml) containing 96 mg (0.29 milli- 
mole) of p-nitrobenzyl 2-diazo-3- (trimethylsilyl) oxy-3- 
butenoate was slowly dropped to the mixture over the 
course of 13 minutes at 0°C. 
10 The reaction solution was stirred at 0 °C for 

20 minutes and then at room temperature for 2 hours. 
The reaction mixture was diluted with ethyl acetate , 
washed successively with a 5% aqueous solution of sodium 
hydrogen carbonate, water, and a saturated aqueous 
15 solution of sodium chloride, and then dried over 
anhydrous sodium sulfate. 

The solvent was evaporated off from the 
filtrate, and the residue was adsorbed on a 6 g silica 
gel column using a small amount of methylene chloride. 
20 The column was developed stepwise with benzene acetone 

(10/1, 8/1* 5/1). Those elutate fractions which contained 
a UV-absorbing material at an Rf of 0.36 on TLC 
[developed with benzene/acetone (3/1) 1 were collected and 
concentrated to dryness under reduced pressure to give 27 
25 mg (yield 62 %) of the captioned compound. 

Physical and chemical properties of the 
resulting compound 
Melting point: 90 - 92 °C . 

[{X] D 2 :+ 41..8-°(c i- 25 ' methanol) 

30 ^^?3 cnf 1 : 2140(diazo>, 

max 

1760 (^-lactam CO), 
1710 (ketone CO) , 
1520, 1345(nitro) . 
1 H-NE^R(CDC1 3 ; $ ppm) :. 
35 . 1.44(3H, dd, J=24.0 and 6.5Hz, CH^-CHF-) , 

2.8 - 3.2(1H, m, H-3) , 
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3.02(1H, dd, J=18.0 and 9.0Hz, 7CHH-O) 

N 

3.67(1H, dd, J=18.0 and 4.5Hz, T CHH-C-) 

w O 

4.02QH, ddd, J=9.0, 4.5 and 2.3Hz, H-4), 
4.93(1H, dqunit, J=48.0 and 6.5Hz, CH 3 CH-F-> , 
5 5.38(2H, s, benzyl), 

6.30(1H, br, NH) , 
7.56(2H, d, J=9.0Hz, Ar) , 
8.28(2H, d, J=9.0Hz, Ar ) . 

EXAMPLE 14 

10 Production of (3R,4S) -4-acetoxy-3- I (R) -1-f luoro- 

ethyl] -2-azetidinone: - 




In 1,0 ml of acetonitrile was dissolved 27 mg 
(0.096 mmole) of (3R,4S) -4-acetoxy-3- I (R) -1-f luoroethyl] - 

15 l-(p-methoxy)phenyl-2-azetidinone, and the solution was 
cooled with ice. An aqueous solution (1.0 ml) of 132 rag 
(0.24 millimole) of eerie ammonium nitrate was gradually 
added dropwise to the solution. 

The solution was reacted at 0 °C for 30 minutes, 

20 and the reaction mixture was poured into ethyl acetate 
and washed with a 5% aqueous solution of sodium hydrogen 
carbonate. The aqueous layer was back-extracted with 
ethyl acetate. The organic layers were combined and 
washed successively with a 10% aqueous solution of sodium 

25 thiosulfate, a 5 % aqueous solution of sodium hydrogen 
carbonate and a saturated aqueous solution of sodium - 
chloride. 
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The washed product was dried over anhydrous 
sodium sulfate, and the solvent was evaporated off from 
the filtrate to give 15 mg (yield 89 %) of the captioned 
compound. 



.CHC1_ -1 
V max 3 Cm : 



H-NMR(CDC1- 



3390 (NH), 

1780(^3-lactan CO) , 
1735 (ester CO) . 
$ ppm) : 



10 



1.5513H, dd, J=6.0 and 24.0Hz, CH^-CHF-) , 
2.17 (3H, s, COCH 3 ), 
3.58UH, dddd, J 3 
chf=9.3, J 3 , f=13.8Hz, H-3), 

9.3 i 
H-4) , 



, nh=2.0, J 3 ^ 4 =4.5, J 3 , 



5.13(1H, ddq, J=48.0, 9,3 and 6.0Hz, CH 3 CHF-) , 



15 



6.02(1H, d, J=4.5Hz 
6.80 (1H, br, NH) . 

EXAMPLE 15 



Production of p-nitrobenzyl 4- [ (3R,4R) -3- [ (R)- 
1-f luoroethyl) -2-oxoazetidin-4-yl] -2-diazo-3-oxobutyrate: 



F 



^OAc 



OSiMe. 



" N H 



2 



COOpNB 




OpNB 



20 • In 1 m of methylene chloride was dissolved (15 

mg (0.086 millimole) of (3R, 4S) -4-acetoxy-3- [ (R) -f luoro- 
ethyl] -2-azetidinone, and the solution v/as cooled with ice. 
Then, 28. mg (0.087 millimole) of zinc iodide was added, 
and a methylene chloride solution (0.5 ml) of 72 mg (0.21 

25 millimole) of p-nitrobenzyl 2-diazo-3-(trimethylsilyl) oxy- 
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3-butenoate was slowly added dropwise to the mixture over 
the course of 10 minutes at 0 °c. 

The reaction solution was stirred at 0 °c for 
10 minutes and then at room temperature for 2 hours. The 
5 reaction mixture was diluted with ethyl acetate, and 

successively washed with a 5 % aqueous solution of sodium 
hydrogen carbonate, water and a saturated aqueous solution 
of sodium chloride. The organic solution was dried over 
anhydrous sodium sulfate , and the solvent was removed 
10 from the filtrate by evaporation. The residue was puri- 
fied by preparative TLC [developing system=benzene/acetone 
(3/1)] to give 13.7 mg (yield 42 %) of the captioned 
compound. 

The physical and chemical properties of the 
15 resulting compound completely agreed with those of the 
compound obtained in Example 13. 

Industrial Applicability 

The compounds of formula (I) provided by this 
invention are useful as synthesis intermediates for 
20 various medicines, particularly carbapenam or carbapenem 
antibiotics, for example an antibiotic of the following 
formula which is known to have excellent antimicrobial 
activity and relatively good stability to kidney dehydro- 
peptidase. 



25 




(A) 
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CLAIMS 

1. A compound represented by the formula 




(I) 



wherein Y represents an acetyl, 1-hydroxyethyl or 
1-f luoroethyl group, represents a hydrogen atom or 
an easily splittable amino protecting group, and R2 and 
R 3 are identical or different and each represents a 
hydrogen atom, a lower alkyl group, a phenyl group, a 
benzyl group or a diphenylmethyl group, or R 2 and R3 
together represent a lower alkylene group. 
2. The compound of claim 1 wherein R^ represents 

a phenyl or benzyl group which may be substituted by one 
or two lower alkoxy groups, or a lower alkylsilyl group. 
3* The. compound of claim 1 or 2 wherein R^ and 

R 3 are identical or different and each represents a 
hydrogen atom or a lower alkyl group. 

4. The compound of claim 1 which is (3S,4S)-3- 
ace tyl-4- [ ( 4S) -2 , 2-dimethyl-l , 3 -dioxolan-4-yl ] -1- ( 4- 
me thoxy ) phenyl-2-azet idinone • 

5. The compound of claim 1 which is (3S r 4S)-4- 

[ (4S> -2, 2-dimethyl-l, 3-dioxolan-4-yl] -3- [ (IS) -1-hydroxy- 
ethyl] -l-(4-me thoxy ) phenyl-2-azetidinoe. 

6. The compound of claim 1 v/hich is (3R,4S)-4- 

[ ( 4S) -2 ,2-dimethyl-l ,3-dioxolan-4-yl] -3- [ (IR)-l-f luoro- 
ethyl 1 -1- ( 4 -me thoxy ) -pheny 1-2-azetidinone . 

7. The compound of claim 1 which is (3R,4S)-1- 
benzyl-4-[ (4S) -2, 2-dimethyl-l, 3-dioxolan-4-yl] -3- [ (1R)- 
1-f luoroethyl] ^azetidinone. 
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8. The compound of claim 1 which is (3R,4S)-1- 
(2, 4-dimethoxy)phenyl-4-{ (2S)-1, 4-dioxospiro [4 ,5 ]deca-2- 
yl}-3- [ (1R) -1-f luoroethyll-2-azetidinone. 

9. The compound of claim 1 which is (3R,4S)-4- 
[ (4S)-2-ethyl-2-methyl-l, 3-dioxolan-4-yl] -3-1 (1R)-1- 

f luoroethyl] -1- ( 4-methoxy) benzyl-2-azetidinone. 

10. The compound of claim 1 v/hich is (3R,4S)-l-t- 
butyldimethylsilyl-3-[ (1R) -1-f luoroethyl] -4- [ (4S) -2- 
methyl-l,3-dioxolan-4-yl]-2-azetidinone. 

11. An intermediate for the production of the 
compound of claim 1, said intermediate being represented 
by the formula 




(V) 



N-CH 



NH-R, 



?5 

herein A represents CH or N, R^ represents a hydrogen 
atom or an easily splittable amino-protecting group, R 2 
and R^ are identical or different and each represents a 
hydrogen atom, a lower alkyl group, a phenyl group, a 
benzyl group or a diphenylmethyl group, or R 2 and R 3 
taken together represents a lower alkylene group, and 
R^ and R 5 are identical or different and each represents 
a hydrogen atom or a lower alkyl group. 
12. A process for producing a compound of the 

formula 

R. 



(I) 




H H %J 0 
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wherein Y represents an acetyl, 1-hydroxyethyl 
or 1-fluoroethyl group, represents a 
hydrogen atom or an easily splittable amino- 
protecting group, and R 2 and R 3 are identical 
or different and each represents a hydrogen 
atom, a lower alkyl group, a phenyl group, a 
benzyl group or a diphenylmethyl group, or R 2 
and R^ together represent a lower alkylene 
group, 
which comprises 

(a) to produce a compound of formula (I) in 
which Y is an acetyl group, reacting a compound re- 
presented by the following formula 

R 2 h 



N-CH 

NH-R 1 

wherein A represents CH or N r R^ f r an( 3 r^ 
are as defined above, and R. and R c are 

4 D 

identical or different and each represents a 
hydrogen atom or a lower, alkyl group, 
with diketene, or 

(b) to produce a compound of formula (I) in 
which Y is a hydroxyethyl group, reducing the compound of 
formula (I) in which Y is an acetyl group, or 

(c) to produce a compound of formula (I) in 
which Y is a 1-f luoroethyl group, fluorinating the com- 
pound of formula (I) in which Y is a 1-hydroxyethyl 
group. 

13. The process of claim 12 wherein R^ represents 

a phenyl or benzyl group which may be substituted by one 
or two lower alkoxy groups, or a lower alkylsilyl group. 



/ 
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14. The process of claim 12 wherein the reduction 

in (b) is carried out by using lithium borohydride or 

R 

lithium tri-sec-butylborohydr ide (L-select ride ) as a 
reducing agent. 

15. The process of claim 12 wherein the fluori- 
nation in (c) is carried out by using diethylaminosulf ur 
trifluoride or a mixture of hexaf luoropropene and 
diethylamine as a fluorinating agent. 
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